This paper provides a systematic analysis that identifies the driving forces of carbon dioxide (CO2) emissions of 286 Chinese prefecture-level cities in 2012. The regression analysis confirms the economic scale and structure effects on cities' CO2 emissions in China. If China's annual economic growth continues at the rate of 7%, CO2 emissions will increase by about 6% annually. In addition, climate conditions, urbanization and public investment in R&D are identified as important driving forces to increase the CO2 emissions of Chinese cities. While an increment of the urbanization rate by 1% increases the CO2 emissions by about 0.9%; An increase in R&D investment by 1% can help reduce CO2 emissions by 0.21%. As cities in our study vary greatly based on their industry composition, development stage and geographical location, the patterns of their CO2 emissions are also variable. Our study improves the comprehensiveness and accuracy of previous carbon accounting method by distinguishing the scope 1 and scope 2 CO2 emissions and establishing a high spatial resolution dataset of CO2 emissions (CHRED). The analysis covers almost all Chinese prefectural cities and derives useful implications for China's low carbon development.
Introduction
In 2014, the Intergovernmental Panel on Climate Change (IPCC) warned that greenhouse gas emissions are contributing significantly to climate change, which has been proven a major threat for all countries on the planet (IPCC, 2014) . As the world's largest emitter of carbon dioxide (CO2), China is highly vulnerable to climate change and environmental degradation and has taken "more and more concerted and aggressive actions against climate change" in recent years (The Guardian, 2016) . In its ratification of the 2016
Paris agreement, China agreed to cut its carbon emissions per unit of GDP by 60-65% by 2030. Now that the Paris agreement has been set to enter into force, turning these political commitments into concrete action is a more difficult mission to accomplish.
A particular challenge lies in the potential conflicts between China's rapid urbanization and the urgent need for local climate change mitigation. As estimated by the International Energy Agency (IEA), in 2008, urban areas in the world account for more than 71% of energy-related greenhouse gases (GHG) and it could increase to 76% by 2030 (IEA, 2008) .
Particularly in China, rapid urbanization contributes to 84% of commercial energy usage.
The 35 largest cities in China, which contain 18% of the population, contribute 40% of China's energy uses and CO2 emissions. (Dhakal, 2009; Ouyang and Lin, 2016; Zheng et al., 2010) . As a consequence, local environmental pollution and global climate change have profoundly damaged the health and lives of citizens in Chinese cities such as Beijing and Tianjin (Chen et al., 2013; Ebenstein et al., 2015) . As urban populations continue to grow, the huge demand for buildings and transport could also have a large impact on local carbon emissions. In addition to direct carbon emissions, cities may induce significant indirect carbon emissions by importing energy and displacing industrial production to areas outside of their borders (Feng et al., 2014) .
Nevertheless, while cities are a major source of the climate change problem, they are also at the core of the solution. As pointed out by Glaeser (2011) , urbanization increases citizens' per-capita income because cities facilitate learning, trade and specialization. With higher incomes and tax revenues, governments can provide more infrastructure and better public services to fight climate change and protect citizens from harm. In China, provinces are generally too large and counties have little political power; therefore, cities are the most well-suited units for effective management of local CO2 emissions. To conciliate the conflicts between city and climate change, and achieve the goal of sustainable urbanization, national climate policy should be further decomposed to the city level and well tailored to the local condition. This is particularly difficult in a large country with significant geographical and social-economic diversity like China, because it requires very detailed carbon accounting for each city and comprehensive understanding of local climate strategies. Without this knowledge, China can hardly make its climate targets credible or turn its commitments into effective local action. Although this is well recognized, due to data constraints, most studies on China's carbon emissions and climate policies are done at the national or provincial level (Guan et al., 2009; Jalil and Mahmud, 2009; Li, 2010; Zhang and Lin, 2012) . A few studies use household survey data to infer carbon emissions for some Chinese cities (Zheng et al., 2010) . Still, more work needs to be done on the basic carbon accounting and climate policy analysis for all of Chinese prefecture level cities.
There is no doubt that this work will provide valuable information and scientific basis for more effective climate policy design, which are important to Chinese policy decisionmakers. It is also important for other international stakeholders, who are in the expectation of China to move forward current international negotiation for climate change mitigation in the absence of the U.S.
With this understanding in mind and to fill the gap, this paper aims to establish the most disaggregated carbon accounting at the Chinese prefectural city level and provide a comprehensive analysis of the driving forces of CO2 emissions. Unlike previous studies, which use population data or nighttime light data to indirectly approximate the spatial distribution of CO2 emissions (Doll et al., 2000; Wang and Ye, 2016) , we construct a high spatial resolution CO2 emissions dataset based on detailed point sources and other supporting data. The point sources includes almost all the industrial emission sources in China, which comes from First China Pollution Source Census (FCPSC) and subsequent data updates from our latest survey (Cai et al., 2016; Wang et al., 2014) .
This bottom-up approach is simple and accurate, and the reliability of data and the actual spatial resolution are much higher than approximations. Moreover, we also improve previous carbon accounting methods, e.g., road traffic emissions are calculated by taking road traffic volume and road density into account. Emissions from rural areas are based on remote sensing interpretation of rural residential data and the distribution of population density data. These improvements in carbon accounting make our local CO2 emissions data estimates much more accurate, which is a starting point for further investigation of China's local climate policies. Moreover, the study offers a new perspective from which to examine different driving forces and strategies available to Chinese cities to manage their local carbon emissions. There is no one best approach; the appropriate strategy must be adapted to local conditions and carbon emissions patterns.
We firstly calculate the CO2 emissions of 286 Prefecture Level Cities, distinguishing direct (scope 1) and indirect (scope 2) CO2 emissions in a detailed carbon accounting. In a second step, we conduct a simple but rigorous econometric regression analysis to deepen our understanding of the economic patterns and driving forces of both direct and indirect CO2 emissions of Chinese cities 1 . In contrast to previous decomposition studies, our econometric analysis tests not only classic drivers of CO2 emissions, e.g., the economic scale and economic structure effects, but also takes into account more comprehensive climatic and socio-economic factors, e.g., climate conditions, population density, urbanization rates, Foreign Direct Investments (FDI) and R&D investment, which have direct implications for the policy design of local climate change mitigation. Lastly, we divide cities into groups according to their industry composition, development stage and geographic location, in order to determine the effective strategies specific to heterogeneous local conditions.
For an overview of the results, our econometric analysis confirms previous findings of the scale and structural effects in CO2 emissions (He and Wang, 2012; Li, 2010) . In particular, we identify climate conditions, urbanization and public investment in R&D as major driving factors of CO2 emissions in China. Moreover, we also detect some opposite effects by distinguishing between direct and indirect CO2 emissions. Last but not the least, our analyses illustrate the great heterogeneity in emission patterns among cities and shed light on the appropriate strategies specific to local conditions. The overall results are consistent and robust, which may derive pertinent and precise policy implications for the on-going low-carbon city development in China
1 The economic pattern of CO2 emissions refers to the relationship between economic development and CO2 emissions, which varies according to the local conditions.
The rest of the paper is organized as follows. Section 2 describes the detailed data sources we used for the carbon accounting and provides an overview of the level of CO2 emissions of 286 Chinese prefecture level cities. Section 3 explains our empirical estimation of the driving forces of CO2 emissions of these cities. Section 4 discusses the main results and policy implications for local climate mitigation. Finally, Section 5 concludes the paper.
Data
We combine various and consolidated data sources for our analysis. First, we follow the common method of city CO2 emissions accounting to consider scope 1 (direct) and scope 2 (indirect) CO2 emissions (UNEP, 2010; WRI, 2014) . Direct CO2 emissions include emissions from the combustion of fossil fuels and industrial processes (production of clinker, lime, and iron and steel). CO2 emissions from land-use change and forestry are not within the scope of this study. The direct CO2 emissions data is derived from China's High
Resolution Emission Gridded Data (CHRED), which is based on point emission sources and other supporting data. CHRED provides detailed anthropogenic emissions of China's greenhouse gases on a high-resolution spatial grid. Detailed information about CHRED can be found on our website (http://www.cityghg.com/) and in previous publications (Cai et al., 2016; Cai and Zhang, 2014; Wang et al., 2014) . In this paper, we construct an aggregated prefectural level city CO2 emissions dataset in 2012 based on the 1 km gridded CO2 emissions data derived from CHRED 2.0 2 .
Indirect CO2 emissions are defined as the CO2 emissions due to city's imported electricity. The imported electricity is calculated by the difference between a given city's electricity generation and its total electricity consumption. In China, while the data of electricity consumption is easily obtained from the statistical yearbook (cf. China City Statistical Yearbook, 2013) , the data of city electricity production is non available. 
Figure 1. Schema of calculation of CO2 emissions of Chinese cities
Second, to investigate the driving forces underlying the city CO2 emissions, we complement the CO2 emissions dataset with additional socio-economic data derived from 3 In 2012, there were 285 prefecture-level cities and 4 municipalities in China. However, due to the problem of missing data, we have dropped three cities (i.e., Sansha, Zunyi and Wuhai) and include 286 cities (including municipalities) with complete data for the analysis (see Table A1 in the Appendix for the complete list of cities). 4 According to our calculation method, there is possible overlap of total CO2 emission between cities, because the electricity imports of one city maybe part of the electricity production of another city. Therefore, the aggregation of total CO2 emission to national level is problematic, which is not the purpose of the paper. 
Empirical model
In order to deepen our understanding of the driving forces of CO2 emissions in our 286
Chinese cities and identify relevant climate change mitigation strategies, we conduct an econometric regression analysis using a Log-Linear Model as follows:
The Log-Linear Model is a basic form of Multi-Linear Regression (MLR) model that is widely used for analysis of influence factors (Greene, 2008 literature to test the relationship between economic growth and CO2 emissions (Grossman and Krueger, 1991) . The EKC hypothesis states that pollution increases with economic growth, but at a certain turning point, pollution will decrease with economic growth. The inverted U-shaped relationship has been extensively tested on various pollutants such as CO2, SO2 and NOx using cross-country data (Cole et al., 1997; Selden and Song, 1994; Stern and Common, 2001 ). In our study, we include the first and second order of per capita Gross Domestic Product (GDP) to test the existence of EKC in the CO2 emissions of Chinese cities. If the coefficient is significantly positive and is significantly negative, the EKC hypothesis is true. Otherwise, there is a classic economic scale effect in carbon emissions.
Next for the variable, we use the labor shares in three sectors, i.e., agriculture, service and industry, to capture the effect of economic structure in cities' CO2
emissions. Theoretically, one would expect that higher shares of the agriculture and service sectors in the economy would reduce CO2 emissions. By contrast, one would expect the share of industrial sector to increase CO2 emissions. We test a vector of climatic and socioeconomic factors for comprehensive driving forces of CO2 emissions, which include climate conditions, population density, age of population, education level, urbanization rate, Foreign Direct Investment (FDI) and public expenditure in R&D. All of these covariates are taken from relevant literature on carbon emissions. Inclusion of additional covariates could test our model specification and ensure the robustness of our results. Furthermore, these covariates have significant economic meaning and could derive useful policy implications for local carbon mitigation.
Climate condition is associated with a household's energy demands for indoor cooling and heating (Creutzig et al., 2015) . In cities with extreme climate conditions, households need to use more heating and cooling utilities, which consume more fossil energy and electricity and emit more CO2. For instance, Glaeser and Kahn (2010) found that household carbon emissions are 78 percent higher in Memphis than in San Diego. Therefore, we use a logarithm of the sum of Heating Degree Day (HDD) and Cooling Degree Day (CDD) to measure the climate condition in cities, expecting the coefficient to be positive.
Population density is another important determinant of carbon emissions. In the U.S., people who live in cities with higher population density use more public transportation than private cars, which leads to less consumption of gasoline and lower carbon emissions per household . If this relationship is true in China, public policies for the development of mega metropolitan cities like Shanghai and Shenzhen could be justified. We test this factor and expect the population density to be negatively associated with CO2 emissions.
Age of population is also taken into account in our analysis. As surveyed by Liddle (2014) , previous studies in OECD countries used cross-country data sets and focused on aggregated energy consumption and carbon emissions. They have uncovered that the relationship between age structure and carbon emissions is complex and nonlinear. For instance, Liddle and Lung (2010) uncovered a positive elasticity of carbon emissions for young adults and a negative elasticity for older adults. Menz and Welsch (2012) also estimated differential age effect on carbon emission and concluded that the ongoing demographic change in OECD countries will imply rising carbon emissions in the future.
To capture this potential complex and non-linear relationship between age and CO2 emissions, we include the first and second order of the average population age in our model.
The expected signs should be positive for the first-order term and negative for the secondorder term.
Education is considered as vital for climate change mitigation. In developed as well as developing countries, education is regarded as a factor in driving the convergence of carbon dioxide growth (Romuald, 2011) . As the level of education in cities rises, a change in household consumption should be more likely to occur, which could reduce CO2 emissions.
In our model, we use the average education year of the city population to capture the potential effect of education on CO2 emissions. The expected sign is negative.
Rapid urbanization is regarded as a major driving force of CO2 emissions in developing countries (Elliott and Clement, 2014; Liddle, 2014; Sheng and Guo, 2016) . On the one hand, the rapid urbanization induced by large scale rural to urban migration creates a demand for residential energy consumption and housing construction, which should increase CO2 emissions from fossil fuel combustion and industrial production such as cement and steel. On the other hand, urbanization promotes construction of public infrastructures such as roads, public transit and collective heating systems, which will have positive long-term implications for energy consumption and CO2 emissions. To capture the different aspects of urbanization, we use two different measures in our study. One measure is the share of urban inhabitants in total population, which captures the urbanization rate of the population. The other measure is the share of land used for urban construction. This measure captures more of the infrastructure construction aspect. We check the potential effects of different aspects of urbanization on cities' CO2 emissions to better understand the sustainable process of urbanization.
As Foreign Direct Investment (FDI) is increasing in China, it may have important implications for China's CO2 emissions. As suggested by the Pollution Haven Hypothesis (PHH), developing countries may compete for polluting FDIs with their lax environmental regulation, so that FDIs contribute to local pollution (Chung, 2014; Kivyiro and Arminen, 2014) . However, studies also show that the FDI may promote technology transfer from developed to developing countries, which is vital for climate change mitigation (Zhu et al., 2016) . For our study, we include the FDI in our model to test its potential effect on cities'
CO2 emissions, where the coefficient could be positive or negative.
R&D is regarded as another critical factor for climate change mitigation. New clean production technology is a fundamental solution to the trade-off between economic growth and environmental protection (Ang, 2009) . From this perspective, local R&D activities and clean technology transfer should be considered in the analysis. Due to data constraints, we use the public expenditure for education and research as a proxy of local R&D activities to test the effect. We expect R&D may have a positive impact on the reduction of cities' CO2 emissions.
Finally, to complete the model, we include α as the intercept and ε i is the disturbance term which is assumed to be independent and identically distributed (i.i.d). As China is a large country with great regional heterogeneity, different cities may face different local conditions and exhibit different economic patterns of CO2 emissions. Therefore, local strategies for climate mitigation should be adapted to various local conditions. For a demonstration, we follow the conventional division method in the literature to classify Chinese cities into groups according to three types, i.e., industry composition, development stage and geographical location. The industry composition indicates the specialization of cities, the development stage indicates economic development level and the geographical location indicates geographical features of cities. These classifications are based on the common sense but tailored to the Chinese reality to illustrate the heterogeneity in local mitigation strategies of Chinese cities. Table 1 gives details of the classifications and Figure   A1 in the Appendix illustrates the divisions on the map. By contrasting the estimation results of different groups, we are able to identify the appropriate strategies for local climate change mitigation. 
Results

Graphical evidence of CO2 emissions in Cities
Before presenting the econometric results, we firstly derive some preliminary evidence about our cities' CO2 emissions from figures. lines is just in line with previous graphical patterns. In China, most eastern cities are developed cities and the service industry is much important there. Therefore, these two driving forces may explain the low carbon development in the eastern cities. Still, other potential explanations such as age structure should also be investigated by more rigorous regression analysis, to which we now turn.
Figure 3c. Correlation of CO2 emissions and economic growth (by geographical location)
Note: Dots refer to cities and grey areas refer to the 95% significance level. The dash lines indicate the national mean level.
Econometric results: Driving forces of city CO2 emissions
For the econometric regression analysis, equation (1) 
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Northeast cities CO2 emissions may be clustered at the provincial level 6 . We therefore correct for the robust standard error with clusters by province. The cross-sectional estimates provide an overall picture for the whole country and help identify the most relevant driving forces of CO2 emissions. To ensure the correct model specification, we follow a step-by-step approach to progressively include the control variables and check the robustness of the estimates. The results are presented in Table 2 . We firstly check the results of total CO2 emissions. In column 1 of Table 2 , we estimate the basic model without including control variables. It turns out that economic growth is a major driving force of China's prefectural city CO2 emissions. The coefficient of GDP per capita is positive and significant at the 10% level. However, the second order of GDP per capita is non-significant, implying a monotonic increasing relationship between economic growth and CO2 emissions for the whole country. In terms of economic structure 7 , the share of the service sector is negative and significant at the 10% level, implying that economic structural changes can effectively reduce CO2 emissions.
In column 2, we include other control variables. As one can note, the coefficient of GDP per capita remains significant and robust. Keeping all other factors constant, if
China's annual economic growth continues at the rate of 7%, CO2 emissions should increase by about 6% annually. This result is in line with previous studies and confirms the large economic scale effect of China's CO2 emissions (Li, 2010) . Furthermore, climate conditions and urbanization are two significant driving forces of China's CO2 emissions.
China is a country highly vulnerable to climate change, and abnormal climate conditions are becoming increasingly frequent. These worsening climate conditions in turn increase CO2 emissions of cities, which in turn accelerate climate change in a perpetual vicious circle, which calls for immediate action to mitigate and adapt to climate change. China's ever-increasing urban population significantly increases CO2 emissions. Ceteris paribus, a 1% increment of the urbanization rate will increase the city CO2 emissions by about 0.9%.
The rapid expansion of China's urban population means a collective lifestyle change characterized by significant increases in energy consumption, which translate into increased CO2 emissions. The significant urbanization effect on CO2 emissions highlights the great challenge that China faces to meet its climate change commitments.
Nevertheless, the Chinese government has different strategy options to tackle the challenge. The first strategy is to change the economic structure of certain cities. As revealed by our results, a large share of agriculture and service sectors in the economy will significantly reduce CO2 emissions. More precisely, increasing the share of agriculture and tertiary sectors by 1% may reduce CO2 emissions by 2.25% and 1.23%, respectively. The second strategy is to increase public expenditures in R&D. A 1% investment in R&D may reduce CO2 emissions by 0.21%. In light of our results, the policy implication is clear. The
Chinese government should continue to encourage the development of the agricultural and tertiary sectors by investing more public resources in related R&D activities. These investments could have a direct impact on the mitigation of CO2 emissions. Moreover, new and clean technologies generated by R&D activities could further upgrade the industry and have long-term implications for reducing CO2 emissions.
Next, we distinguish between direct and indirect CO2 emissions and check the results, respectively. In column 4, the results for direct CO2 emissions are similar to those of total emissions. In addition to previous results, we find that population density has a significant effect in reducing direct CO2 emissions. This result is in line with the findings of Glaeser and Kahn (2010). In the U.S., cities with higher population density tend to produce lower CO2 emissions. This evidence then justifies the development of megacities such as Shanghai and Shenzhen in China. However, we also note that high population density significantly increases indirect CO2 emissions (column 6). If a city's population density increases by 1%, it should reduce the city's direct CO2 emissions by 0.13%, but it should also increase indirect CO2 emissions by 0.94%. This result is striking, and it is plausible that energy consumption in megacities does not actually decrease but is rather offset by the import of electricity from other cities. Take Beijing for example. As it has become an international megacity, many local polluting steel and chemical plants were urged to move out of Beijing and relocated to the neighboring province of Hebei (Xia et al., 2015) in order to reduce fossil fuel energy consumption and pollution. As a result, direct energy consumption was driven down in Beijing but increased in Hebei province. Consequently, the relocation of pollution and CO2 emissions does not resolve environmental problems but rather raises the concern of environmental inequality. Therefore, we advocate close collaboration among cities in their environmental policy design and carbon mitigation strategies; the coordinated development of cities with intensive infrastructure networks seems to be the most suitable and effective strategy in increasing sustainability and reducing total CO2 emissions
Heterogeneous local strategies for carbon mitigation
To check heterogeneous local strategies for carbon mitigation, we divide the full sample into subsamples and redo the same regression analysis. First, we divide cities into three groups based on industry composition, i.e., industrial cities (163), service-based cities (18), and other cities (105). The results are presented in Table 3 . The patterns of CO2 emissions are distinct across cities with different types of industry composition. Economic growth, climate conditions and urbanization are major driving forces of CO2 emissions of industrial cities. The best mitigation strategy for these cities, therefore, is to enlarge the share of the service sector and increase investment in R&D. For service-based cities, as economic growth continues and the age structure changes, CO2 emissions will firstly increase then decrease, which confirms the EKC turning point in these cities. However, it should note that urbanization and FDI are major factors that may increase CO2 emissions, whereas development of the agriculture sector and investment in R&D and education can effectively reduce CO2 emissions. Therefore, more balanced economic structure and high-tech development are appropriate mitigation strategies to sustain the economic growth and achieve low carbon development in service-based cities.
In other cities where climate conditions and urbanization are two major driving forces of CO2 emissions, development of the agriculture sector and increasing population density appear to be more appropriate strategies.
Second, we divide cities into three groups according to their development stage, i.e., developed cities (18), developing cities (96) and less-developed cities (172). The results are presented in Table 4 . In China, developed cities such as Beijing, Shanghai, Guangzhou and Shenzhen have a high level of socio-economic development and have received political priority by the central government. Developing cities like Suzhou, Zhengzhou and Dongguan, have lower political priority but high economic growth rates. As revealed by the results in Table 4 , cities in different development stages have different emission patterns. For instance, rapid economic growth in developed or developing cities does not significantly increase CO2 emissions, whereas it significantly drives up CO2 emissions in less developed cities. While urbanization seems to be a driving force of CO2 emissions in the developed and less developed cities in our study, it is not significant in the developing cities. Interestingly, while extremity in climate conditions increases CO2 emissions in all cities, it has the largest impact in developed cities, where people are wealthier and may use more energy under extreme climate conditions. This result thus calls for more efficient public facilities and collective strategies for residents' adaptation to climate change. Governments in different cities have different carbon mitigation strategies. For developed cities, aging and more educated populations facilitate local carbon mitigation and public investment in R&D is a major mitigation strategy of local government. For developing cities, only public investment in R&D has proved significant in reducing CO2 emissions, while the most efficient solution for less developed cities would be to focus on changes in economic structure by increasing the share of agriculture and tertiary sectors.
Third, as the distribution of population and industry is highly uneven across China, geographical location may have important implications for the CO2 emissions of cities. We thus divide cities into eastern (86), central (80), western (86) and northeast (34) groups according to their geographical location. The results are presented in Table 5 . Therefore, the declining heavy industrial economy should contribute to carbon mitigation.
At the same time, as land and natural resources are abundant in the northeast region, economic structural changes to the agriculture and service sectors would be appropriate strategies to revive the economy and shift to low-carbon development in the northeast region.
Conclusion and policy implications
In developing countries like China, urbanization is a necessary pathway to economic prosperity. To build more low-carbon and climate-resilient cities, accurate knowledge about cities' carbon emissions is the first step for carbon mitigation action at the local level.
To this end, this paper constructs a reliable carbon accounting for 286 Chinese prefectural level cities in 2012 and provides a systematic econometric analysis of the key driving forces of CO2 emissions and local carbon mitigation strategies in China. Our contributions to the literature are threefold. First, the bottom-up approach improves previous carbon accounting methods and establishes a more comprehensive and reliable high spatial resolution CO2 emissions dataset. Second, we distinguish the scope 1 and scope 2 CO2 emissions, which is unique and more accurate. Third, our systematic analysis covers almost all Chinese prefectural level cities and provides solid evidences for the heterogeneous strategies of carbon mitigation according to local conditions. The findings complement current literature and provide useful implications of tailored policy design for China's low carbon development.
According to our calculations, the average Chinese city CO2 emissions were about 36 million metric tons in 2012. The distribution is highly uneven across the country with significantly higher emissions in the northern and coastal regions. Using linear regression analysis, we find that on the one hand, economic growth, rapid urbanization and the worsening climate conditions are major factors that increase Chinese cities' CO2 emissions.
On the other hand, fundamental economic structural change and public investment in R&D can effectively reduce CO2 emissions. While increasing population density may reduce direct CO2 emissions, it also increases indirect CO2 emissions.
As cities differ greatly in their industry composition, development stage and geographical location, corresponding local strategies for carbon mitigation are also different. Therefore, we recommend that national climate policies should be tailored to take into account distinct local conditions. For instance, climate policies should favor tertiary sector in industrial cities, but agricultural sector in service-based cities to achieve balanced economic structure. In developed cities, more public resources should be allocated to education, R&D activity, and more public facilities; whereas in less developed cities, a fundamental change in economic structure to the agricultural and tertiary sectors are more appropriate. Lastly, since cities in different geographical locations have different priorities and constraints, climate policies should stimulate their economic specialization and favor alternative pathways to the low-carbon development. 
